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(57) Abstract: The invention refers to a driving device for hydroacoustic transmitters, including at least one actuating element (1), 
arranged toexecute a reciprocating movement, wherein the movement of the actuating element (1) includes an increase and a decrease 
of the distance between two ends thereof, and at least one spring member (5, 27) which is connected to the actuating element (1) at 
said ends and which extends along a curved line between said ends, wherein the increase and the decrease of the distance between 
said endsresult in a change of the curve of the spring member (5, 27) and thereby a movement of it. The device includes an element 
(12, 13,28) for displacement of a mass, which displacement element (12, 13, 28) is connected to the spring member (5, 27) so that 
the movement of die latter is transmitted to the displacement element (12, 13, 28) and generates a displacement thereof, resulting in 
saidmass displacement. Furthermore, the invention refers to the use of such a device for transmitting hydroacoustic waves in a liquid. 
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5 A DRIVING DEVICE FOR A HYDROACOUSTIC TRANS- 
MITTER 

DESCRIPTION 

10 FIELD OF THE INVENTION 

The present invention refers to a driving device for hydroacous- 
tic transmitters, including at least one actuating element, ar- 
ranged to execute a reciprocating movement, wherein the move- 
15 ment of the actuating element includes an increase and a de- 
crease of the distance between two ends thereof, and at least 
one spring member which is connected to the actuating element 
at said ends and which extends along a curved line between 
said ends. 

20 

Advantageously, the driving device can be employed to drive 
different types of acoustic apparatuses. Such apparatuses may 
work both as transmitters of acoustic signals and as receivers of 
acoustic signals. An acoustic apparatus, where the invention 
25 with great advantage may be of use is as a so-called sonar, i.e. 
a transmitter which sends sound waves under water, which 
waves after reflection can be monitored by hydrophones of dif- 
ferent types. 

30 However, the field of the invention may not only include acoustic 
apparatuses. The device may well be employed for other pur- 
poses than sound transmission. For instance, it can be em- 
ployed for mechanical machining under water or for driving a 
hydraulic pump. 

35 
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In the first place, however, the device is suitable for generation 
of low-frequent sound waves and is applicable on powerful low- 
frequent sound transmitters, which can work underwater. 

5 The field of the invention also comprises applications of seis- 
mology and tomography. It refers to different arrangements, 
which in an active state are intended to be arranged completely 
below a liquid surface, for instance the water surface of a lake 
or a sea, in order to generate pressure waves in the water by 
10 moving quantities of water. 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 

Most acoustic transmitters that are used nowadays are based 
15 either on the piezoelectrical effect or on magnetostriction. The 
piezoelectrical effect implies that a crystalline material presents 
a change of length when an electric voltage is applied to its end 
surfaces, and that an electric voltage is obtained when the ma- 
terial is subjected to a physical deformation. Magnetostriction 
20 implies that a magnetic material, which is subjected to a change 
of the magnetic flux, presents a change of length and that an 
outer, onto the material forced change of length, causes a 
change of the magnetic flux. This implies that transmitters util- 
izing these effects also principally may be used as receivers. 

25 

Traditional driving devices for hydroacoustic transmitters can, 
on one hand, be of the type which is used for piston transmit- 
ters, and on the other hand of the type which is used for so- 
called flextensional transmitters. Driving devices for piston 

30 transmitters, normally include actuating elements which include 
piezoceramics or magnetostrictive materials. Normally, a clamp 
bolt is employed to pre-stress such piezoceramics or magne- 
tostrictive materials and to adjust resonance frequencies for the 
transmitter. The piston which is driven by the driving device can 

35 be directly connected to said piezoceramics or magnetostrictive 
materials. 
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Also in driving devices for flextensional transmitters, the actu- 
ating element consists of piezoceramics or magnetostrictive 
materials. Here as well, a clamp bolt can be employed to pre- 
5 stress the piezoceramics or the magnetostrictive material and to 
adjust the resonance frequency for the transmitter. In the case 
of flex-tensional transmitters, the shell which is driven by the 
driving device and which is to act directly against a surrounding 
liquid is preferably connected to the actuating element at oppo- 
10 site end sections thereof. The shell can be in the form of a pre- 
stressing mechanism, whereby the need of a clamp bolt is elimi- 
nated. 

When the shell is designed as described above and attached to 
15 opposite ends of the actuating element, the length oscillation of 
the actuating element will result in a corresponding change of 
the bulging of the shell. The described construction results in an 
amplification of the movement of the actuating element in the 
shell, so that a small movement of the actuating element results 
20 in a relatively large movement of at least some parts of the 
shell. When the shell is in direct contact with and surrounded by 
a liquid, its movements thus result in a displacement of the sur- 
rounding mass of liquid and a generation of hydroacoustic 
waves. The shell has double functions, one of which is to act as 
25 a spring member and in the best possible way amplify the move- 
ments of the actuating element, and the other to act as a dis- 
placement element against the surrounding liquid. 

However, the shell presents a number of modes of oscillation, 
30 depending i.a. on its shape, deadweight and stiffness. The fre- 
quency characteristic of the shell, i.e. how it moves at different 
frequencies, can thus be influenced by the design of the shell. 
At certain frequencies, however, interferences between higher 
modes are obtained, which leads to the fact that the efficiency of 
35 the device at such frequencies is strongly reduced. Normally, 
the present transmitters have difficulties to generate high am- 
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plitudes below 100 Hz without said transmitters having to be 
large and complex due to the limited amplitude of the driving 
device. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a driving device 
which in particular is suitable for transmission of hydroacoustic 
waves and which efficiently utilizes the movements of an actuat- 

10 ing element to accomplish a displacement of a mass and there- 
by a generation of hydroacoustic waves. A large displacement 
shall be accomplished by utilizing a relatively small movement of 
the actuating element. The device can be made relatively small 
and simple. Furthermore, it should allow large amplitudes and a 

15 good control of its frequency characteristic. 

This object is achieved by means of a device of the initially de- 
fined kind, which is characterized in that it includes an element 
for displacement of a mass, which displacement element is con- 
20 nected to the spring member so that the movement of the latter 
is transmitted to the displacement element and generates a dis- 
placement thereof resulting in said mass displacement. 

Thanks to the use of a separate displacement element, it is pos- 
25 sible to work with further a mass and a stiffness, i.e. the mass 
and stiffness of the displacement element, to control the fre- 
quency characteristic of the device. The design of the displace- 
ment element, for instance its stiffness and shape, can be opti- 
mized with respect to the effective displacement of, for instance, 
30 a mass of liquid, while the stiffness of the spring member and 
the shape of the spring member can be optimized with respect 
to the desired pre-stress of the driving element and the maxi- 
mum movement in the area where it is connected to the dis- 
placement element. Thus, the transmission ratio of the move- 
35 ment of the actuating element can be optimized. 
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According to a preferred embodiment, the displacement element 
is connected to the spring member in an area where the move- 
ment of the spring member occurs substantially perpendicularly 
to the reciprocating movement of the actuating element. There- 
5 by, the largest possible displacement should be obtained thanks 
to an optimization of the transmission ratio change up of the 
movement of the actuating element. 

According to a further preferred embodiment, the spring mem- 
10 ber, depending on the frequency of the movement of the actu- 
ating element, presents one or more modes of oscillation, the 
displacement element is connected to the spring member in an 
area where its bulge appears in the fundamental mode of the 
spring member. The spring member includes preferably a struc- 
15 ture which provides a transmission ratio of the movement of the 
actuating element and can have the form of at least a part of an 
ellipse, whereby its bulging is influenced by the movement of the 
actuating element. The structure is preferably continuous and 
surrounds and encloses the actuating element. 

20 

According to a further preferred embodiment, the device includ- 
es at least one transmission element, via which the spring mem- 
ber is connected to the displacement element and via which the 
movement of the spring member is transmitted to the displace- 

25 ment element and generates a displacement thereof, which re- 
sults in said mass displacement. Advantageously, the transmis- 
sion element can be one or more rods or the like, which at one 
of the ends is/are attached to an, in a movement point of view, 
optimal part of the spring member and at an opposed end is/are 

30 attached to an advantageous part of the displacement element. 
Also the mass of the transmission element can be utilized to 
control the frequency characteristic of the device. Thus, the dis- 
placement element can be employed to provide a larger trans- 
mission ratio of the device, especially if it, via the transmission 

35 e | em ent, is connected to the part of the spring member where its 
reciprocating movement is the largest and most reliable with re- 
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spect to interference etc. At generation of hydroacoustic waves, 
the displacement element may, for instance, be a stiff plate, 
which is displaced perpendicularly to its plane of propagation, 
and acts against a liquid. The area of the plate does principally 
5 not have to be limited by the size or length of the actuating ele- 
ment or the size or the length of the spring member, 
and thanks to its shape and stiffness, interference problems are 
avoided, which easily appear when an elliptical structure is op- 
erating both as a spring member and a displacement element. 

10 

According to a further preferred embodiment, the device in- 
cludes a container, inside which the actuating element and the 
spring member are arranged, and outside which the displace- 
ment element is arranged. A transmission element can advanta- 

15 geously be arranged so that it tightly penetrates a wall of the 
container. Thanks to the described design, the spring member 
and the actuating element are protected against direct outer in- 
fluence. Preferably, the container is impermeable and filled with 
a gas-like medium or vacuum. Provided that the container is of a 

20 rigid design, the device can be conveyed down to a large depth 
in the liquid, and the actuating element as well as the spring 
member will be well protected against outer agitation, for in- 
stance powerful pressure waves, caused by under-water explo- 
sions or the like. Thanks to the fact that the driving element and 

25 the spring member are surrounded by a gas or vacuum, the 
spring member can operate without directly being affected by 
any resistance from a surrounding liquid. 

According to a further preferred embodiment, the device in- 
30 eludes a substantially immovable fixture, which sealingly sur- 
rounds the displacement element and relatively which the latter 
is displaced during its displacement movement, and includes a 
resilient membrane which between itself and the displacement 
element encases a gas and is attached to said fixture, whereby 
35 the membrane and the encased gas are arranged between the 
displacement element and the wall, which the transmission ele- 
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ment goes through. When the device is immersed into a liquid 
and the surrounding liquid pressure increases, the gas pressure 
between the membrane and the displacement element will in- 
crease. Since the membrane and the encased gas are arranged 
5 between the displacement element and the wall which the 
transmission element goes through, the gas pressure will coun- 
teract that the displacement element is displaced towards the 
spring member and influences it with a force due to the in- 
creased surrounding liquid pressure. To achieve this effect, the 

10 device must be designed with channels or the like to admit liq- 
uid, which surrounds the device, entrance to a space between 
the membrane and said wall. By such an arrangement of the 
fixture, the flexible membrane, and the gas, a self-compensating 
pressure equalization is achieved, resulting in the fact that the 

15 function of the device can be made independent of the applica- 
tion depth. Furthermore, the actuating element and the spring 
member are protected against violent shocks, or the like from 
outside for instance from pressure waves caused by under-water 
explosions, or the like. 

20 

When the device defines a hydroacoustic transmitter, the dis- 
placement element is provided with preferably two opposite 
sides, one of which faces a surrounding liquid to be displaced 
and the other faces said gas, whereby said sides have substan- 
25 tially the same area. In such a way, a good self-compensating 
pressure equalization and a stabilization of the device are 
achieved. 

Further features of and benefits with the device according to the 
30 invention will be seen from the following detailed description and 
from the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



An example of an embodiment of the device according to the in- 
vention is hereafter described with reference to the attached 
5 drawings, in which, 



fig. 1 is a partly cut, schematic perspective view of an em- 
bodiment of the device according to the invention, 

10 fig. 2 is a cross-sectional view seen from the side of the de- 
vice according to fig. 1, 

fig. 3 is a partly cut, schematic perspective view of an alterna- 
tive embodiment of the device according to the inven- 
15 tion, 

fig. 4 is a cross-sectional view from above of the device ac- 
cording to fig. 3, and 

20 fig. 5 is a cross-sectional view from the side of the device ac- 
cording to figs. 3 and 4. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF 
THE INVENTION 

25 

Figs. 1 and 2 disclose a first embodiment of the device according 
to the invention. The device includes here an actuating element 1 
formed by a piezoelectric or preferably a magnetostrictive ac- 
tuator. Alternatively, the device can include more actuating ele- 

30 ments 1 to provide the device with better stability and balance. 
Known per se, the actuator includes a magnetostrictive or pie- 
zoelectric rod 2 of a material suitable for the purpose. Such a rod 
can be divided into several shorter sections in cases where it is 
considered suitable. In the disclosed embodiment, the actuating 

35 element is a magnetostrictive actuator with a magnetostrictive 
rod 2. Known per se, such an actuator includes means (not 
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shown) for application of a magnetic field on the rod 2, so that it 
is elongated and shortened, respectively, in its longitudinal di- 
rection, i.e. oscillates. However, other types of actuating ele- 
ments, with which a pulsating change of length can be accom- 
5 plished, are also possible. 

At two opposite ends of the actuating element 1, a beam 3, 4, 
respectively, is arranged. These extend transversally the longitu- 
dinal direction of the rod 2 and have, among other things, the 

10 purpose to form a support surface for the actuating element 1. 
The beams 3, 4 have a rounded or curved outer periphery turned 
away from the actuating element 1. A spring member 5 defines a 
structure, in this case a cylindrical shell with an elliptical cross- 
section, which extends around the actuating element 1 and the 

15 beams 3, 4. The spring member 5 can, for instance, be made of a 
metal, or preferably, a glass fiber or carbon fiber laminate and is 
preferably supported by the rounded, outer periphery of the 
beams 3, 4. The spring member is preferably pre-stressed so that 
a compressive stress is applied on the rod 2 of the actuating ele- 

20 ment 1. Alternatively, the beams 3, 4 might be an integrated part 
of the spring member 5. 

The actuating element 1, the beams 3, 4, and the spring member 
5 are arranged in an tight container 6. The container 6 is pref- 

25 erably filled with an inert gas with respect among other things to 
formation of sparks of the electrical components which might to 
exist in the actuating element 1. The actuating element is con- 
nected to a support member 7 which in its turn is rigidly con- 
nected to the container 6. In this case, the support member 7 is 

30 constituted of a beam or the like extending crosswise through the 
container 6 and is connected to opposed sides thereof. 

Two transmission elements 8, 9, here in the form of rods, are 
each at one end connected to the spring member 5 at opposed 
35 sides of the actuating element 1. Each transmission element 8, 9 
is preferably attached in an area of the spring member 5, where 
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its fundamental mode of oscillation can be expected to occur, 
when the spring member 5 is put into to oscillation by influence 
of the reciprocating movement of the actuating element 1. Each 
of the transmission elements 8, 9 extends through an adjacent 
5 wall 10, 11 of the container 6. For this purpose, each of the walls 
10, 11 includes a hole, and sealing members are preferably ar- 
ranged in the boundary surface between the transmission ele- 
ments 8, 9 and the surrounding wall 10, 11. The transmission 
elements 8, 9 displaceably arranged relative to the walls 10, 11 
10 and can thus slide in their respective holes. 

At their opposed ends, i.e. the ends which are not connected to 
the spring member 5, the transmission elements 8, 9 are con- 
nected to a respective element 12, 13 for displacement of a 

15 mass, in this case a mass of liquid, in order to accomplish a gen- 
eration of hydroacoustic waves. The driving device is substan- 
tially symmetrical and the displacement elements 12, 13 will be 
displaced in opposite directions and thus influence the sur- 
rounding liquid in opposite directions. Each of the displacement 

20 elements 12, 13 includes, in this case, a disc, the plane of 
propagation of which is substantially perpendicular to the longi- 
tudinal direction and/or movement direction of the transmission 
elements 8, 9. By the movement of the transmission elements 8, 
9, which is a direct consequence of the oscillating movements of 

25 the actuating element 1 and the spring member 5, the displace- 
ment elements 12, 13 are displaced back and forth in a direction 
substantially parallel with the displacement or movement direc- 
tion of the transmission element. This is substantially perpen- 
dicular to the length change direction of the actuating element 1. 

30 

The displacement elements 12, 13 are surrounded by and lie 
sealingly to a respective fixture 14, 15, which in this case are 
formed by an elongation of those side walls of the container 6 
that adjoin the walls 10, 11. Together with the fixtures 14, 15, 
35 and the walls 10, 11, the displacement elements 12, 13 encases 
a cavity 16, 17, respectively. One or, as in this case, a plurality 
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of openings or channels 18 in the fixtures 14, 15 allow the cavi- 
ties 16, 17 to communicate with a liquid surrounding the device, 
so that the liquid is allowed to flow into and out of the cavities 
16, 17. 

5 

Inside the cavities 16, 17, at each displacement element 12, 13, 
a gas- and liquid-impermeable, flexible membrane 19, 20 is con- 
nected to the fixture 14, 15 along its inner periphery. In a space 
21, 22 between the membrane 19, 20 and the displacement ele- 

10 ment 12, 13, a gas is encased. The arrangement of the mem- 
brane 19, 20 and the gas results in a self-compensating pressure 
equalization of the device. Thus, the depth of immersion will not 
influence the force, by which the displacement element 13, 14 
influences the spring member 5 and thereby the pre-stress of the 

15 actuating element 1. The driving device obtains a shock resis- 
tance, foremost thanks to the fact that the force from a pressure 
wave merely to a modest extent is transmitted to the actuator due 
the pressure compensation. The fact that the actuator is arrang- 
ed in a container also contributes to an increased shock resis- 

20 tance. 

Figs. 3-5 disclose an alternative embodiment of the device ac- 
cording to the invention. The actuating element 1 includes here, 
two magnetostrictive rods 23, 24, support beams 25, 26, and a 

25 spring member 27, arranged in substantially the same manner as 
in the first example of the embodiment. However, in this case, 
the device includes only one displacement element 28, which 
includes a substantially cylindrical, in opposite ends open, flexi- 
ble shell 30 that surrounds the actuating element 1 and the 

30 spring member 27. The displacement element 28 includes two 
beams or wall sections 29, arranged opposed to each other, 
which bear on and extend along two opposite sections of the in- 
ner periphery of the shell 30. The beams 29 are to take up force 
from the spring member 27 and transmit that force to the shell 

35 30. The shell 30 has a center axis which extends substantially in 
the same direction as the length change direction of the actuat- 
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ing element 1. The change of length of the actuating element 1, 
i.e. the back and forth movement in said direction, results in a 
corresponding but larger movement of the spring member 27 in a 
direction perpendicular to said length change direction. The 
5 spring member 27 is arranged to bear on the beams 29 in an 
area, where a bulge can be expected to occur in the spring mem- 
ber 27 at its fundamental mode of oscillation. Accordingly, the 
spring member 27 bears on the beams 29 along opposed lines 
substantially in the center of respective spring half and substan- 

10 tidily perpendicular to said length change direction. This can be 
seen in figs. 3-5. Accordingly, the displacement element 28 with 
the shell 30 defines here a so-called flextensional shell, which 
advantageously can be employed as a hydroacoustic transmitter. 
Unlike flextensional transmitters according to prior art, the struc- 

15 ture forming the spring member 27 does however not operate as 
a displacement element, but can be optimized for its spring func- 
tion. The displacement element 28, on the contrary, is optimized 
for the displacement function. A maximal transmission ratio can 
in such a manner be achieved. Considerably higher amplitudes 

20 than according to prior art can thereby be achieved. 

It should be realized that different alternative embodiments of the 
device according to the invention of course will be obvious to a 
person skilled within this field without leaving the scope of the 
25 invention, as it is defined in the appended claims supported by 
the description and the drawings. 

For instance, the beams 29 in the second embodiment may be 
considered as transmissions elements, while the shell 30 solely 
30 is considered as a displacement element. 

The number of actuating elements 1, rods 2, 23, 24, transmission 
elements 8, 9, etc. should in each individual case be optimized 
with respect to the rest of the design and operation conditions of 
35 the device. 
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The term structure should be seen in a wide sense and primarily 
include all constructions/components which, when connected to 
the actuating element in the described manner, may accomplish 
a transmission ratio of the movement of the actuating element. 
5 For instance, it can include a hinge mechanism. 
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CLAIMS 

1. A driving device for hydroacoustic transmitters, including at 
least one actuating element (1), arranged to execute a recipro- 
5 eating movement, wherein the movement of the actuating ele- 
ment (1) includes an increase and a decrease of the distance 
between two ends thereof, and at least one spring member (5, 
27) which is connected to the actuating element (1) at said ends 
and which extends along a curved line between said ends, 

10 wherein the increase and the decrease of the distance between 
said ends result in a change of the curve of the spring member 
(5, 27) and thereby a movement of it, characterized in that it in- 
cludes an element (12, 13, 28) for displacement of a mass, 
which displacement element (12, 13, 28) is connected to the 

15 spring member (5, 27) so that the movement of the latter is 
transmitted to the displacement element (12, 13, 28) and gener- 
ates a displacement thereof, resulting in said mass displace- 
ment. 

20 2. A device according to claim 1, characterized in that the dis- 
placement element (12, 13, 28) is connected to the spring mem- 
ber (5, 27) in an area where the movement of the spring member 
(5, 27) occurs substantially perpendicularly to the reciprocating 
movement of the actuating element (1). 

25 

3. A device according to claim 1 or 2, characterized in that the 
spring member (5, 27), depending on the frequency of the move- 
ment of the actuating element, presents one or more modes of 
oscillation, and that the displacement element (12, 13, 28) is 
30 connected to the spring member (5, 27) in an area, where its 
bulge appears in the fundamental mode of the spring member 
(5,27). 



4. A device according to any one of claims 1-3, characterized 
35 in that the spring member (5, 27) includes a structure which pro- 
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vides a mechanical transmission ratio of the movement of the 
actuating element (1). 

5. A device according to any one of claims 1-4, characterized 
5 in that the spring member (5, 27) defines a continuous structure 

that surrounds the actuating element (1). 

6. A device according to any one of claims 1-5, characterized 
in that said mass is a liquid, and that the displacement of the 

10 liquid results in a generation of hydroacoustic waves. 

7. A device according to any one of claims 1-6, characterized 
in that it includes at least one transmission element (8, 9), via 
which the spring member (5) is connected to the displacement 

15 element (12, 13) and via which the movement of the spring 
member (5) is transmitted to the displacement element (12, 13) 
and generates a displacement thereof, which results in said 
mass displacement. 

20 8. A device according to any one of claims 1-7, characterized 
in that it includes a container (6), inside which the actuating 
element (1) and the spring member (5) are arranged and outside 
which the displacement element (12, 13) is arranged. 

25 9. A device according to claim 8, characterized in that the 
transmission element (8, 9) goes tightly through a wall (10, 11) 
of the container (6). 

10. A device according to any one of claims 1-9, characterized 
30 in that the spring member (5) is surrounded by a gas or ar- 
ranged in vacuum. 

11. A device according to claims 8-10, characterized in that it 
includes a substantially immovable fixture (14, 15), which seal- 

35 ingly surrounds the displacement element (12, 13) and relatively 
which the latter is displaced during its displacement movement, 



WO 01/12345 , ~ PCT/SE00/01266 

16 



and that a resilient membrane (19, 20), which between itself and 
the displacement element (12. 13) encases a gas, is attached to 
said fixture (14, 15), whereby the membrane (19, 20) and the 
encased gas are arranged between the displacement element 
5 (12, 13) and the wall (10, 11), which the transmission element 
(8, 9) goes through. 

12. A device according to claim 11, characterized in that the 
displacement element (12, 13) has two opposite sides and that 

10 one of these faces a liquid, which is to be displaced, and the 
other faces said gas, whereby said sides have substantially the 
same area. 

13. A device according to claim 12, characterized in that it in- 
15 eludes channels (18) for admitting liquid, which surrounds the 

device when it is used as a hydroacoustic transmitter, entrance 
to a space (16, 17) between the membrane (19, 20) and said 
wall (10, 11). 

20 14. A device according to claims 11, 12, or 13, characterized in 
that the container (6) defines a box and that the fixture (14, 15) 
is formed by wall sections which are connected to and surround 
the wall (10, 11) which the transmission element (8, 9) goes 
through. 

25 

15. A device according to any one of claims 1-6, characterized 
in that the displacement element (28) includes a substantially 
cylindrical, flexible shell (30), which surrounds the actuating 
element (1) and the spring member (27). 

30 

16. A device according to any one of claims 1-15, character- 
ized in that the actuating element (1) is an electromechanical 
actuator, which includes a magnetostrictive or piezoelectrical 
actuator. 
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17. A device according to claim 16, characterized in that the 
electromechanical actuator includes at least one, preferably a 
plurality of, magnetostrictive or piezoelectrical rods (2, 23, 24), 
pre-stressed by the action of the spring member (5, 27). 

5 

18. A device according to any one of claims 1-17, characterized 
in that it is substantially symmetrically shaped. 

19. The use of a device according to any one of claims 1-18 for 
10 transmitting hydroacoustic waves in a liquid. 
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